i/^Bz^iC:::::::^ 22 jan 2006 

SPECIFICATION 
CLAMPING APPARATUS 
Technical Field 
[0001] 

5 The present invention relates to an apparatus for clamping a second block 

such as a work pallet or a work on a first block such as a table of a machine tool. 
Background of the Invention 
[0002] 

As such a clamping apparatus, one described in Patent Document 1 is 
10 conventionally available. This prior art is constructed as follows. 

Horizontal misalignment is absorbed by engaging a tapered inner 

peripheral surface of a work pallet with a tapered outer peripheral surface of a 

plug projected from a table. In addition, a pull rod inserted into the plug pulls the 

work pallet via a plurality of balls to fix the work pallet to the table. 
15 Patent Document 1 : Jpn. Unexamined Patent Publication No. 2003-97519 

Summary of the Invention 

Problem to be Solved by the Invention 

[0003] 

The prior art has a problem of a complicated construction since a 
20 misalignment absorbing mechanism and a clamping mechanism are provided 
individually. 

It is an object of the present invention to provide a clamping apparatus 
that solves the problem. 
Means for Solving the Problem and Effect 
25 [0004] 

In order to accomplish the object mentioned above, the present invention 
provides clamping apparatuses as described below and as Illustrated in Fig. 1A 
through Fig. 4B, Fig. 5A and Fig. 5B, Fig. 6A and Fig. 6B, Fig. 7A and Fig. 7B. 
Fig. 8, Fig. 10, or Fig. 11 respectively for example. 



[0005] 

A first block 1 is provided with a support surface S that receives a 
supported surface 2a of a second block 2. A drive member 1 1 is inserted into 
the first block 1 axially movably. A pull rod 18 is projected toward a leading end 
5 beyond the support surface S of the first block 1 , and the pull rod 18 is connected 
to the drive member 11. An inner engaging member 38 is arranged on an outer 
periphery of the pull rod 18 axially movably. The inner engaging member 38 is 
adapted to be radially movable with respect to the first block 1, and the inner 
engaging member 38 is adapted to be advancable toward the leading end by 

10 pressing means 41. A plurality of outer engaging members 39 to be inserted 
into an engaging hole 3 of the second block 2 are arranged on an outer periphery 
of the inner engaging member 38. The plurality of outer engaging members 39 
are adapted so as to wedge-engage with the inner engaging member 38 from the 
leading end side. An output portion 46 of the pull rod 18 is connected to these 

15 outer engaging members 39. The plurality of outer engaging members 39 are 
adapted to be radially inwardly movable by returning means 44. 
[0006] 

The plurality of outer engaging members 39 may be directly engaged or 
indirectly engaged with the inner engaging member 38. 
20 As the pressing means 41 , an elastic member such as a spring or rubber, 

a fluid power piston, or a combination structure of these elastic member and fluid 
power piston can be employed. 
[0007] 

The present invention functions as follows, for example, as illustrated in 
25 Fig. 1 A through Fig. 4B. 

In a released state of Fig. 1A (and Fig. 2 and Fig. 4A), the drive member 
11 has moved the pull rod 18 toward the leading end, and the outer engaging 
members 39 has moved toward the leading end and radially contracted. 

To fix the second block 2 to the first block 1 , the engaging hole 3 is fitted 



onto the outer engaging members 39, and thereafter, the drive member 11 
moves the pull rod 18 toward the base end, and the outer engaging members 39 
gradually make a wadge engagement with the inner engaging member 38. 
[0008] 

5 Then, first, the plurality of outer engaging members 39 diametrically 

expand via the inner engaging member 38 held at almost an advanced position 
by the pressing means 41, by which the outer engaging members 39 come into 
contact with the engaging hole 3. Next, the outer engaging members 39 
diametrically expand while forcing the pressing means 41 to retreat toward the 

10 base end via the inner engaging member 38, and the outer engaging members 
39 come into close contact with the engaging hole 3, and the outer engaging 
members 39 gradually forces the inner engaging member 38 to retreat toward the 
base end against the pressing means 41. Subsequently, when the inner 
engaging member 38 is directly or indirectly received by the first block 1 and the 

15 movement of the outer engaging members 39 toward the base end is blocked, 
the outer engaging members 39 make a strong wedge engagement with the inner 
engaging member 38 and expand, by which the outer engaging members 39 
come into strong and close contact with the engaging hole 3. Thereby, the pull 
rod 18 strongly presses the supported surface 2a of the second block 2 against 

20 the support surfaces S of the first block 1 via the outer engaging members 39, 
which are in strong and close contact state with the engaging hole 3. 
[0009] 

In a case where the axis of the engaging hole 3 and the axis of the pull 
rod 18 are misaligned from each other during the locking operation, a reaction 
25 force acts on each of the outer engaging members 39 by the engaging hole 3 
during expansion of each of the outer engaging members 39, and the reaction 
force moves the inner engaging member 38 radially with respect to the first block 
1 . Thereby, the misalignment can automatically be canceled. 
[0010] 



Therefore, the present invention provides a mechanically simple clamping 
apparatus including both a misalignment absorbing mechanism and a clamping 
mechanism. 
[0011] 

5 In the present invention, for example, as illustrated In Fig. 2, Fig. 5A, Fig. 

6A, and Fig. 7A respectively, it is preferable that a cover member 31 that covers 
the plurality of outer engaging members 39 from the leading end side is provided 
on a leading end portion of the pull rod 18. In this case, leading end faces of the 
outer engaging members can be covered by the cover member provided on the 

10 pull rod, so that foreign matter can be prevented from entering between the outer 
engaging members and the inner engaging member Therefore, the outer 
engaging members work smoothly for a long period of time. 

It is noted that the cover member may be formed integrally with the pull 
rod or separately from the pull rod. The separately formed cover member may 

15 be fixed to the pull rod or supported on the pull rod. 
[0012] 

In the present invention, it is preferable that, as illustrated in the 
respective drawing described above, a guide surface 36 that narrows toward the 
leading end is formed on an outer periphery of the cover member 31. In this 
20 case, the engaging hole can be smoothly guided against the cover member by an 
action of the guide surface. 

Furthermore, in the present invention, it is preferable that, as illustrated in 
the respective drawing described above, the cover member 31 and the plurality of 
outer engaging members 39 are connected radially relatively movably and axially 
25 movably together. 

In addition, as illustrated in Fig. 6A or Fig. 7A described above, the 
plurality of outer engaging members 39 are supported on a peripheral wall 31a of 
the cover member 31 radially movably. 
[0013] 



Furthermore, the present invention includes the following clamping 
apparatus. 

For example, as illustrated in Fig. 1A, Fig. 1B, and Fig. 2, the first block 1 
is provided with a plurality of the support surfaces S circumferentially at intervals, 
5 and with a gap between the adjacent outer engaging members 39 and 39 is 
formed a discharge port 51 for a cleaning fluid, and the discharge ports 51 are 
directed toward the support surfaces S respectively. In this case, the specified 
support surfaces can be strongly cleaned, so that the second block can be 
reliably seated on the first block with high accuracy. 
10 In addition, in the present invention, it is preferable that the pull rod 18 is 

urged toward the leading end by a balancing elastic member 27. Thereby, the 
pull rod can be smoothly and reliably moved in the radial direction. 
[0014] 

In the present invention, for example, as illustrated in Fig. 1 A and Fig. 2, it 
15 is preferable that the pull rod 18 is connected to the drive member 11 radially 
movably. In this case, by setting the radial moving amount of the pull rod to be 
large, the radial moving amount of the outer engaging members connected to the 
output portion of the pull rod can also be made large. 
[0015] 

20 In the present invention, for example, as illustrated in Fig. 11. the inner 

engaging member 38 is arranged radially movably with respect to the pull rod 18. 
In this case, the structure to radially move the outer engaging members engaged 
with the inner engaging member becomes mechanically simple. 
Brief Description of the Drawings 

25 [0016] 

Fig. 1A through Fig. 4B illustrate a first embodiment according to the 
present invention. 

Fig. 1 A is an elevational sectional view illustrating a released state of a 
clamping apparatus, corresponding to a view indicated by the arrow 1A-1 A in Fig. 



1B; 

Fig. 1 B is a plan view of the clamping apparatus; 
Fig. 2 is a partial enlarged view in Fig. 1 A; 

Fig. 3 is a view similar to Fig. 1A, illustrating a locked state of the 
5 clamping apparatus; 

Fig. 4A is an enlarged sectional view indicated by the arrow 4A-4A in Fig. 

1 ; and 

Fig. 48 is an enlarged sectional view indicated by the arrow 4B-4B in Fig. 

3. 

10 [0017] 

Fig. 5A and Fig. 5B illustrate a second embodiment according to the 
present invention. 

Fig. 5A is a view similar to Fig. 2; and 

Fig. 5B is a sectional view indicated by the arrow 5B-5B in Fig. 5A. 

15 [0018] 

Fig. 6A and Fig. 6B illustrate a third embodiment according to the present 
invention. 

Fig. 6A is a view similar to Fig. 2; and 

Fig. 6B is a sectional view indicated by the arrow 6B-6B in Fig. 6A. 

20 [0019] 

Fig. 7A and Fig. 7B illustrate a fourth embodiment according to the 
present invention. 

Fig. 7A is a view similar to Fig. 2; and 

Fig. 7B is a sectional view indicated by the arrow 7B-7B in Fig. 7A. 

25 [0020] 

Fig. 8 is a view similar to Fig. 1A, illustrating a fifth embodiment according 
to the present invention; 

Fig. 9 is a view illustrating an exemplified variation of the fifth embodiment, 
corresponding to a partial enlarged view in Fig. 8; 



Fig. 10 is a view similar to Fig. 1A, illustrating a sixth embodiment 
according to the present invention; and 

Fig. 11 is a view similar to Fig. 2, illustrating a seventh embodiment 
according to the present invention. 
5 Explanation of References 
[0021] 
1 : first block 

2: second block (work pallet), 2a: supported surface, 
3: engaging hole, 
10 11: drive member (drive piston), 
18: pull rod, 

27: balancing elastic member, 
31: cover member, 31a: peripheral wall, 
36: guide surface, 
15 38: inner engaging member, 
39: outer engaging member, 

41: pressing means (coned disc spring, push-up piston), 
44: returning means (spring, fitting structure), 
46: output portion, 
20 51: discharge port, 
S: support surface 

Best Mode for Carrying Out the Invention 
[0022] 

Fig. 1A through Fig. 4B illustrate the first embodiment according to the 
25 present invention. 

First, the entire structure of the clamping apparatus is explained with 
reference to Fig. 1A and Fig. IB. Fig. 1A is an elevational sectional view 
illustrating a released state of the clamping apparatus, corresponding to a view 
indicated by the arrow 1A-1A in Fig. IB. Fig. IB is a plan view of the clamping 



apparatus. 
[0023] 

In this first embodiment, a first block 1 is placed on a table of a machine 
tool, and a work pallet 2 as a second block is received by and fixed to the first 
5 block 1 . 

In a supported surface 2a of the work pallet 2 are opened a plurality of 
engaging holes 3 defined by circular straight holes. Herein, only one of the 
engaging holes 3 is illustrated. The first block 1 is provided with plug means 4 
corresponding to the engaging holes 3. 
10 The first block 1 has a base plate 6 and a housing 8 fitted into an 

installation hole 7 of the base plate 6. A flange 8a of the housing 8 is fixed to 
the base plate 6 by a plurality of tightening bolts 9. 
[0024] 

The plug means 4 is arranged as follows. 
15 A cylindrical drive piston (drive member) 1 1 is inserted into the housing 8 

axially movably. Herein, a first rotation stopper pin 12 prevents the piston 11 
from rotating around its axis. A lock chamber 13 is formed above the drive 
piston 1 1 , and a release chamber 14 is formed below the piston 1 1 . 

It is noted that a male screw cylinder 15 is screwed into a lower portion of 
20 the housing 8 in a height adjustable manner. 
[0025] 

Into the upper half of the cylindrical hole of the piston 1 1, an input portion 
19 provided at the lower half of the pull rod 18 extending vertically is inserted 
radially movably and axially unmovably. 
25 In more detail, between an outer peripheral surface of the input portion 19 

and the piston 11 is formed a first annular gap 21. To smoothly move the pull 
rod 18 radially, a cover bolt 26 is screwed into the lower half of a cylindrical hole 
of the piston 1 1 in a height adjustable manner, and a balancing spring (elastic 
member) 27 is attached between the cover bolt 26 and the pull rod 18. In 



addition, an upward force of the spring 27 and the weight of the pull rod 18 or the 

like are intentionally balanced. 

[0026] 

In this first embodiment, rotation of the pull rod 18 around its axis is 
5 blocked by a second rotation stopper pin 29. Thereby, the pull rod 18 is adapted 
to be radially movable along the axis of the rotation stopper pin 29. 
[0027] 

The detailed structure of the plug means 4 will be described based on Fig. 
2 through Fig. 4B with reference to Fig. 1A and Fig. IB. Fig. 2 is a partial 
10 enlarged view in Fig. 1 A. Fig. 3 is a view similar to Fig. 1 A, illustrating a locked 
state of the clamping apparatus. Fig. 4A is an enlarged sectional view indicated 
by the arrow 4A-4A in Fig. 1A. Fig. 48 is an enlarged sectional view indicated 
by the arrow 4B-4B in Fig. 3. 
[0028] 

15 A cylindrical inner engaging member 38 is supported on an outer 

periphery of the pull rod 18 vertically movably, and between an outer peripheral 
surface of the lower half of the inner engaging member 38 and a through hole 8b 
of the housing 8 is formed a second annular gap 22. Thereby, the inner 
engaging member 38 is adapted to be radially movable with respect to the 

20 housing 8. Rotation of the inner engaging member 38 around its axis is blocked 
by a third rotation stopper pin 30. It is noted that, in this first embodiment, the 
upper half of the pull rod 18 is formed into a roughly square shape in a cross 
sectional view. Thereby, between an outer peripheral surface of the pull rod 18 
and an inner peripheral surface of the inner engaging member 38 is formed a 

25 vertical passage 56 for compressed air for cleaning, as described later. 
[0029] 

Furthermore, the inner engaging member 38 is advanced upward by a 
coned disc spring (pressing means) 41, and the inner engaging member 38 is 
prevented from ascending by more than a predetermined range by a stopper 42. 



The coned disc spring 41 covers openings such as the through hole 8b of the 

housing 8 and the vertical hole 60 described later from above. 

[0030] 

Four outer engaging members 39 to be inserted into the engaging holes 3 
5 of the work pallet 2 are arranged on an outer periphery of the inner engaging 
member 38 circumferentially at intervals. The plurality of outer engaging 
members 39 are adapted so as to wedge-engage with the inner engaging 
member 38 from above, and an output portion 46 of the pull rod 18 is connected 
to these outer engaging members 39. 
10 [0031] 

In more detail, a cap-shaped cover member 31 is fixed to an upper portion 
of the pull rod 18 by a bolt 32, and between an upper portion of the cover 
member 31 and a ring 33 supported on an upper portion of the pull rod 18 are 
inserted upper flanges 40 of the outer engaging members 39 radially movably 
15 while their vertical relative movements are blocked, 
[0032] 

Guide pins 43 are projected from the outer periphery of the inner 
engaging member 38, and the pin projecting portions are inserted between the 
adjacent outer engaging members 39 and 39 respectively. Thereby, the plurality 
20 of outer engaging members 39 are guided vertically. 

Furthermore, a ring-shaped flat spring (returning means) 44 is attached to 
outer peripheral surfaces of the plurality of outer engaging members 39. The flat 
spring 44 urges each of the outer engaging members 39 radially inward. 

It is noted that on an outer periphery of the upper half of the cover 
25 member 31 is formed a tapered guide surface 36 that narrows upward. 
[0033] 

Four support rods 48 are press-fitted circumferentially at intervals into an 
upper surface of the housing 8. The support surfaces S provided on the upper 
surfaces of the support rods 48 is adapted so as to receive the supported surface 



2a of the work pallet 2. Herein, the support rods 48 are arranged with phases 
corresponding to the projecting directions of the guide pins 43 respectively. The 
pull rod 18 is projected further upward than the support surfaces S. 
[0034] 

5 In an arbitrary support rod 48 of the four support rods 48 is opened a 

detection nozzle hole 49 for seating confirmation, and to the detection nozzle 
hole 49 is adapted compressed air for detection to be supplied. When the 
supported surface 2a comes into contact with the support surfaces S, the 
pressure in the detection nozzle hole 49 increases. It can be confirmed that the 

10 work pallet 2 is seated on the support rods 48 by detecting the increase in the 
pressure using a pressure switch or the like. 

Furthermore, with a gap between the adjacent outer engaging members 
39 and 39 is formed a discharge port 51 for compressed air for cleaning (a 
cleaning fluid), and the discharge ports 51 are directed toward the support 

15 surfaces S respectively. In the outer peripheral surface of the cover member 31 
are opened another plurality of discharge ports 52 for compressed air for cleaning. 
In the base plate 6 is formed a supply port 53 for the compressed air. 
[0035] 

The clamping apparatus arranged as above operates as follows and as 

20 mainly illustrated in Fig. 1 A and Fig. 3. 

In the released state as illustrated in Fig. 1A, pressurized oil in the lock 
chamber 13 has been discharged, and pressurized oil has been supplied to the 
release chamber 14. Thereby, the drive piston 11 has raised the pull rod 18, 
and the pull rod 18 has raised the outer engaging members 39 via the cover 

25 member 31 and the ring 33, resulting in that the outer engaging members 39 has 
been switched into a contracted state. The inner engaging member 38 has 
ascended by an advancing stroke by the coned disc spring 41 and slightly made 
a tapered engagement with the outer engaging members 39 or faced the outer 
engaging member 39 with small gaps left therebetween. 



[0036] 

When the work pallet 2 is fixed to the first block 1 , cleaning is performed 
in advance. Namely, as illustrated in Fig. 1A and Fig. 1B, when compressed air 
for cleaning is supplied to the supply port 53 in the base plate 6, the compressed 
5 air passes through a horizontal passage 55 inside the housing 8 and the vertical 
passage 56 formed in outer periphery of the pull rod 18 in the recited order, and 
is powerfully discharged radially outward from each of the discharge ports 51 , 
and the discharged compressed air cleans each of the four support surfaces S. 
[0037] 

10 It is noted that the compressed air for cleaning is also supplied to the 

vertical hole 60 formed in a peripheral wall of the through hole 8b of the housing 
8, and the compressed air can be discharged horizontally from a gap between an 
upper end of the coned disc spring 41 and the inner engaging member 38 or a 
gap between a lower end of the coned disc spring 41 and the housing 8. 

15 [0038] 

Thereafter, as illustrated by the alternate long and short double dashed 
line in Fig. 1A, the work pallet 2 is lowered while keeping the releasing state, and 
the engaging hole 3 is fitted onto the plurality of outer engaging members 39. 
During descending of the work pallet 2, compressed air discharged from the other 

20 discharge port 52 diagonally upward can sufficiently clean the engaging hole 3. 

Next, the pressurized oil in the release chamber 14 is discharged and 
pressurized oil is supplied to the lock chamber 13. Then, the piston 11 lowers 
the outer engaging member 39 via the pull rod 18, and the tapered inner 
peripheral surfaces of the outer engaging members 39 gradually make 

25 wedge-engagement with the tapered wedge surfaces 47 of the inner engaging 
member 38. 
[0039] 

Then, the outer engaging members 39 expand via the inner engaging 
member 38 held substantially at an raised position by means of the urging force 



of the coned disc spring 41, and the outer engaging nnembers 39 connes into 
contact with the engaging hole 3. Thereafter, the outer engaging members 39 
expand while compressing the coned disc spring 41 downward via the inner 
engaging member 38, and come into close contact with the engaging hole 3, and 
5 simultaneously, the outer engaging members 39 force the inner engaging 
member 38 to retreat downward against the urging force of the coned disc spring 
41. Successively, as illustrated in Fig. 3, the inner engaging member 38 is 
received by a projection 61 of the peripheral wall of the through hole 8b at the 
upper portion of the housing 8 via the coned disc spring 41. Then, the outer 

10 engaging members 39 are strongly wedge-engaged with the received inner 
engaging member 38 and expand, and the outer engaging members 39 come 
into strong and close contact with the engaging hole 3. Thereby, the pull rod 18 
strongly presses the supported surface 2a of the work pallet 2 against the support 
surfaces S of the first block 1 via the outer engaging members 39, which are in 

15 the strong and close contact state with the engaging hole 3. 
[0040] 

It is noted that, in a case where the support surfaces S of the first block 1 
and the supported surface 2a of the second block 2 has come into perfect contact 
with each other at the beginning of the locking operation and that the supported 

20 surface 2a is received by the support surfaces S, the outer engaging members 39 
operate as follows during the locking operation. After coming into close contact 
with the engaging hole 3, the outer engaging members 39 move the inner 
engaging member 38 downward against the coned disc spring (pressing means) 
41, whereby moving downward while sliding on the engaging hole 3. Then, as 

25 described above, when the downward movement of the outer engaging members 
39 are blocked, the outer engaging members 39 come into strong and close 
contact with the engaging hole 3 and strongly press the second block 2 against 
the first block 1 . 
[0041] 



On the other hand, in a case where, for some reason, a gap is left 
between the support surfaces S of the first block 1 and the supported surface 2a 
of the second block 2 at the beginning of the locking operation, the outer 
engaging members 39 operate as follows during locking operation. After coming 
5 into close contact with the engaging hole 3, the outer engaging members 39 in a 
close contact state move the second block 2 toward the first block 1 via the 
engaging hole 3. Then, as described above, when the downward movement of 
the outer engaging members 39 is blocked, the outer engaging members 39 
come into strong and close contact with the engaging hole 3 and strongly press 
10 the second block 2 against the first block 1 . 
[0042] 

In a case where the axis of the engaging hole 3 and the axis of the pull 
rod 18 are misaligned from each other during the locking operation, a reaction 
force acts on each of the outer engaging members 39 by the engaging hole 3 
15 during expansion of each of the outer engaging members 39, and the reaction 
force moves the pull rod 18 and the inner engaging member 38 radially with 
respect to the drive piston 1 1 and the housing 8. Thereby, the misalignment can 
automatically be canceled, 
[0043] 

20 To switch the locked state to the released state, as described above, the 

pressurized oil in the lock chamber 13 is discharged and pressurized oil is 
supplied to the release chamber 14, Thereby, the drive piston 11 raises the 
outer engaging members 39 via the pull rod 18 and the outer engaging members 
39 are contracted by the flat spring 44, resulting in that the locked state is 

25 released, 
[0044] 

The first embodiment may be changed as follows. 

Instead of providing the plurality of support surfaces S circumferentially, a 
support surface may be formed into a ring shape in a plan view on the upper 



surface of the flange 8a of the housing 8. One or a plurality of support surfaces 
S may be provided on the base plate 6 instead of being provided on the housing 
8. The base plate 6 and the housing 8 may be formed integrally instead of 
separately (individually). 
5 The balancing spring 27 is preferable for smooth horizontal movement of 

the pull rod 18, however, the balancing spring 27 can be omitted depending on 
use conditions of the clamping apparatus. 

In the released state, as described above, it is preferable that a pre-load 
is not applied to the coned disc spring 41 , however, it is also allowed that a small 
10 pre-load is applied to the coned disc spring 41 instead. The coned disc spring 
41 may be replaced with a compression coil spring or rubber or the like. 
[0045] 

Fig. 5A and Fig. 5B, Fig. 6A and Fig. 6B, Fig. 7A and Fig. 7B, Fig. 8, Fig. 
10, and Fig. 11 illustrate second through seventh embodiments, respectively. In 
15 these embodiments, components similar to those of the first embodiment will be 
designated by the same numerals as a general rule. 
[0046] 

Fig. 5A and Fig. 58 illustrate the second embodiment according to the 
present invention. 

20 Fig. 5A is a view similar to Fig. 2. Fig. 58 is a sectional view indicated by 

the arrow 58-58 in Fig. 5A, similar to Fig. 4A. 

This second embodiment is different from the structure of Fig. 2 and Fig. 
4A in the following points. 

The upper flanges 40 are projected radially outward from the upper 
25 portions of the outer engaging members 39 respectively. The upper flanges 40 
are supported on the cover member 31 radially movably and vertically 
unmovably. 

The inner engaging member 38 is formed substantially into a square 
shape in a horizontal sectional view, and has four wedge surfaces 47 that get 



closer to the axis upward. With the wedge surfaces 47 are wedge-engaged the 
outer engaging members 39 respectively. 

The four outer engaging members 39 are contracted by a rubber-made 
O-ring (returning means) 44. 
5 [0047] 

Fig. 6A and Fig. 6B illustrate the third embodiment according to the 
present invention. Fig. 6A is a view similar to Fig. 2. Fig. 6B is a sectional view 
indicated by the arrow 6B-6B in Fig. 6A, similar to Fig. 4A. 

This third embodiment is different from the structure of Fig. 2 and Fig. 4A 
10 in the following points. 

In the peripheral wall 31a of the cover member 31 are formed a plurality of 
support holes 67 circumferentially. In the support holes 67 are inserted the 
lower halves of the outer engaging members 39 radially movably, respectively. 
The ring-shaped flat spring (returning means) 44 is attached to the upper halves 
15 of the plurality of outer engaging members 39 in the inside space of the cover 
member 31. On outer peripheral surfaces of the outer engaging members 39 
are formed saw-toothed engaging portions 39a respectively. 

According to this third embodiment, in the locking operation, the 
saw-toothed engaging portions 39a of the outer engaging members 39 bite into 
20 the peripheral wall of the engaging hole (not illustrated herein) due to plastic 
deformation or elastic deformation and lower the engaging hole, by which the 
work pallet (not illustrated) can be strongly fixed. 
[0048] 

Fig. 7A and Fig. 7B illustrate the fourth embodiment according to the 
25 present invention. Fig. 7A is a view similar to Fig. 2. Fig. 7B is a sectional view 
indicated by the arrow 7B-7B in Fig. 7A, similar to Fig. 4A. 

This fourth embodiment is different from the structure of Fig. 2 and Fig. 4A 
in the following points. 

In the peripheral wall 31a of the cover member 31 are opened four 



support holes 67 circumferentially at substantially the same Intervals. The outer 
engaging members 39 are inserted into the support holes 67 radially movably, 
respectively. 

On the outer periphery of the inner engaging member 38 are provided 
5 four inclined grooves 69 that get closer to the axis upward, circumferentially at 
substantially the same intervals. The inclined grooves 69 are formed into V 
shapes in a cross sectional view, and on their bottom walls are formed the wedge 
surfaces 47. The fitting structure between the peripheral walls of the inclined 
grooves 69 and the outer engaging members 39 forms the returning means 44. 
10 [0049] 

Fig. 8 is a view similar to Fig. 1 A, illustrating a fifth embodiment according 
to the present invention. 

This fifth embodiment is different from the structure of Fig. 1A in the 
following points. 

15 A lower flange 72 of the inner engaging member 38 is inserted into an 

upper portion of the housing 8 radially movably. The coned disc spring 
(pressing means) 41, a spring seat 73, and a retaining ring 74 are 
accommodated in the housing 8. An annular gap between the inner engaging 
member 38 and the housing 8 is covered by a rubber-made flexible cover 75. 

20 Thereby, foreign matter is reliably prevented from entering the inside of the 
housing 8. 
[0050] 

Fig. 9 is a view illustrating an exemplified variation of the fifth embodiment, 
corresponding to a partial enlarged view in Fig. 8. 
25 In this case, the annular gap between the inner engaging member 38 and 

the housing 8 is covered by a synthetic resin-made lip 77. The pressing means 
is composed of a plurality of coned disc springs 41 laminated vertically. 
[0051] 

Fig. 10 is a view similar to Fig. 1A, illustrating the sixth embodiment of 



according to the present invention. 

This sixth embodiment is different from the structure of Fig. 1A in the 
following points. 

A sleeve 79 is hermetically fitted onto the lower half of the inner engaging 
5 member 38, and the sleeve 79 is adapted to be relatively radially movable with 
respect to the housing 8. Between an outer periphery of an upper portion of the 
sleeve 79 and the upper surface of the housing 8 is attached a synthetic 
resin-made lip 80. 

Furthermore, the pressing means 41 is composed as follows. Between 
10 an upper portion of the housing 8 and an upper portion of the drive piston 11 is 
hermetically inserted a push-up piston 83. The lock chamber 13 is 
communicated with an operation chamber 84 below the push-up piston 83. 
[0052] 

When pressurized oil is supplied to the lock chamber 13 during the 
15 locking operation, in the first half since the beginning of the pressurized oil's 
supply, an upward hydraulic pressure acting on the push-up piston 83 from the 
operation chamber 84 retains the inner engaging member 38 at an advanced 
position on the upper side via the push-up piston 83 and the sleeve 79. Then, in 
the latter half of the pressurized oil's supply, a great hydraulic pressure acting on 
20 a large area of the drive piston 1 1 strongly expands and lowers the plurality of 
outer engaging members 39 via the pull rod 18 against the upward force acting 
on the push-up piston 83. 

It is noted that, in this sixth embodiment, the inner engaging member 38 is 
supported on the housing 8 via the sleeve 79, the push-up piston 83, and the 
25 pressurized oil of the operation chamber 84. 
[0053] 

Fig. 1 1 is a view similar to Fig. 2, illustrating the seventh embodiment 
according to the present invention. 

Fig. 11 is different from the structure of Fig. 1A and Fig. 2 in the following 



points. 

In Fig. 1A and Fig. 2. between the outer peripheral surface of the lower 
portion of the pull rod 18 and the drive piston 1 1 is formed the first annular gap 21, 
and the pull rod 18 is connected to the piston 1 1 radially movably. 
5 On the other hand, in Fig. 11, the pull rod 18 is supported on the housing 

8 vertically movably and radially unmovably, and the pull rod 18 is formed 
integrally with the drive piston (not illustrated herein). An annular gap 90 is 
formed between an outer peripheral surface of the pull rod 18 and the inner 
engaging member 38, whereby the inner engaging member 38 is arranged 

10 radially movably with respect to the pull rod 18. The horizontal passage 55 for 
the cleaning fluid is communicated with the discharge ports 51 through the 
annular gap 90. The cover member 31 Is screwed onto a male screw (output 
portion) 46 at the upper portion of the pull rod 18. 

The construction of Fig. 11 Is mechanically simpler than that of Fig. 1A 

15 and Fig. 2 in the structure that radially moves the outer engaging member 39 
engaged with the inner engaging member 38. 
[0054] 

The above-described embodiments and exemplified variations can be 

further changed as follows. 
20 The outer engaging members 39 may be two, three, or five or more 

instead of the four presented as an example. 

Shape of a wedge space W between the inner engaging member 38 and 

the outer engaging members 39 is not limited to the shape presented as an 

example, and a person skilled in the art can variously change it. For example, it 
25 is also allowed that an intermediate member is interposed between the wedge 

surface 47 of the inner engaging member 38 and the outer engaging members 

39. 

[0055] 

The method for driving the drive piston (drive member) 11 may be a 
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hydraulic single-acting one Instead of the hydraulic double-acting one presented 
as an example. In a case of the hydraulic single-acting method, a spring-lock 
type and a spring-release type may be employed. Furthermore, the pressure 
fluid to be used for locking or releasing may be a gas such as compressed air 
5 instead of pressurized oil. 

The cleaning fluid may be a liquid instead of the compressed air 
presented as an example. 
[0056] 

The combination of the first block and the second block may be the 
10 combination of a table of a machine tool and a work pallet, the combination of a 
work pallet and a jig base, the combination of a jig base and a work piece, or the 
combination of a working jig such as a welding jig and a working article such as a 
work piece, instead of the combination of the base plate 6 and the work pallet 2 
presented as an example. 
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